This study was conducted to find out the neurophysiological changes before and after plant cultivation activity in elementary school parents. Twenty seven subjects participated in total 10 sessions (once a week) of plant cultivating activities and for each session one subject attended an individual activity and the others attended a group activity. Electroencephalography(EEG) and electrocardiogram(ECG) of the subject from the individual activity type and three random subjects from the group activity type were measured before and after each session. The measurements of 7 sessions were analyzed and illustrations of brain map was obtained from the average of each electrode. As a result, the alpha and beta waves of all participants after participating in plant cultivating activities were higher than before participating in the activities, which indicates that the activities increase the activity of the brain. Absolute slow alpha wave (ASA), absolute fast alpha wave (AFA), absolute low beta wave (ALB), and absolute mid beta wave (AMB) were increased after participating in plant cultivating activities, which implies that plant cultivating activities were effective in improving physiological conditions, including stability and relaxation, as well as immersion, attention and concentration. There was no statistically significant difference between those who participated in individual activities and those who participated in group activities. However, both individual and group participants showed higher relaxation, stability and concentration rate after the plant cultivating activity. This study suggests that plant cultivating activities are effective in achieving physiological stability and relaxation and improving immersion, attention and concentration in elementary school parents.
Introduction
People of all age groups in this diverse and complicated modern society often fail to adapt to the society or are exposed to stress that causes disorders (Davis and Emory, 1995) . When this kind of stress is severe or lasts for a long time, emotional anxiety and conflicts are caused, which results in continuous tension in the autonomic nervous system including the sympathetic or parasympathetic nerves, and often causes mental and physical disorders or diseases (McKenzie-Mohr et al., 1995) . Many people suffer from stress in daily life, and, in particular, parents with a child are under more stress while raising a child. Parents who experience more stress tend to show a dominant parenting style, and the more pressure they feel from parenting, the more negative parenting behaviors they tend to show (Bang, 2004; Shin, 1997) . Their parenting behaviors have a significant impact on the personality and behaviors of children (Becker, 1964) . In particular, as children in elementary school experience rapid cognitive and physical changes in their developmental stage, they are in a psychologically or mentally unstable state. They are also exposed to various stress sources in school, a new environment, other than family, and thus parenting behaviors are more important in this stage (Cho, 2006) .
In this context, activities of cultivating plants have received attention as they result in inner changes in parents, and enable parents to view their parenting styles from a different point of view through the life cycle of plants (Choi and Seo, 2007) . In addition, it was reported that programs for plant cultivating activities reduced the inner depression or stress of mothers of an elementary school-age child, and had a positive impact on improving their relationships with children (Hwang et al., 2007) . In addition, people can fulfill their instinctive yearning for humans and nature through activities of cultivating plants, and reduce their stress through activities of making a new and creative artwork using flowers and leaves (Son et al., 2006) . These experiences have a positive impact on inner changes in mothers (Matsuo, 2008) , and activities of caring plants enable people to understand important interactions between plants and humans (Relf, 1990) . Educational programs using plants give participants a sense of pleasure, stability, confidence and psychological satisfaction in the process, and raise their interest in and understanding of plants such as concentration and creativity, which increases their interest in activities using plants and provides positive effects (Kim, 2001 ). In addition, it was also reported that positive effects can be obtained only with experiences utilizing nature as well as activities of cultivating plants (Shin et al., 2007) .
In the study, those who had depression over a certain period of time participated in a forest healing camp for three days and two nights, and forest experiences were found to have a positive impact on their physiological stability.
Therefore, the most important thing in developing a program of plant cultivating activities is developing activities customized for participants (Lee et al., 2011) . The demand for healing programs of plant cultivating activities vary depending on individuals' general characteristics such as gender, age, academic background and occupation, and the existence and types of diseases (Park et al., 2012) . In line with that, it is necessary to develop and standardize programs customized for participants in order to maximize their healing effect (Park et al., 2013) . Therefore, this study aimed to develop measures that can give a sense of stability to mothers of an elementary school child, reduce their stress, and ensure even those who do not have any experience easily access programs of plant cultivating activities. In addition, the physiological effects of the activities utilizing easily accessible gardening boxes were examined and analyzed to verify their effects in a scientific way and to provide basic data for the development and implementation of various and effective programs of plant cultivating activities considering the gender, age and occupation of participants.
Research Methods

Selection of subjects
To examine the effect of a plant cultivation activity on changes in the physiological conditions of parents of an elementary school student, their electroencephalography (EEG), electrocardiogram (ECG), pulse and blood pressure were measured and analyzed before and after participating in plant cultivating activities. Changes in their physiological conditions after participating in the activities were measured under the same program and conditions, and the activities were divided into two types: one-on-one activities (instructor: individual) and group activities (instructor: group).
Subjects were recruited through an offline bulletin board in an elementary school located in Jeonju and were selected among parents who met the selection criteria for general brain-related studies (Lee et al., 2009; Jang et al., 2017; Son et al., 1998 Son et al., , 1999 . A total of 27 parents were selected and they were fully informed of the purpose of this study, the content of the plant cultivation program, and measuring items and methods. They signed the consent form for voluntary participation. They were instructed not to drink alcohol for two days prior to the experiment, and not to drink coffee, green tea, caffeine and any beverage that might stimulate their brain or blood pressure for two hours prior to the experiment. This study was approved by the Institutional Review Board (IRB) of Jeonbuk National University Hospital (e-IRB-CUH201704023002-HE002).
Laboratory environmental conditions
The physiological conditions of the subjects including electroencephalography (EEG), electrocardiogram (ECG), and blood pressure were measured in a room in an elementary school located in Jeonju (Figure 1 ). The size of the gray while-walled room was as follows: length 7.0m, width 3.0m, and height 2.6m. Illuminance at the height of the table ---from the floor was 700±10lux (UT383 Mini Light Meters, Japan) on average, and the humidity and temperature of the room was 70±10% (TR-72Ui, T&D CORP., Japan) and 25±0.5 respectively. To prevent any potential factor that would ℃ affect the psychological conditions of the subjects, the soundproof music room of the school was utilized.
Experimental materials and methods
The program used in this program includes outdoor activities such as sowing and harvesting the seeds of vegetables and flowers using gardening boxes for individual plants (size: 100×60×45cm, 10 horticultural plants seeds of green leaf -lettuce and red leaf lettuce, and seedlings of lavender, rosemary, Catharanthus roseus, mint, chili pepper, tomato, etc.), and indoor activities such as self-expression activities utilizing plants and vegetables. This program was held in an outdoor space in front of the cafeteria and in an indoor space of an elementary school located in Jeonju once a week for 10 weeks for 90 minutes per session. The program was provided in a separate space for those who individually participated in one-on-one activities with an instructor and those who participated in group activities. The electroencephalography (EEG), electrocardiogram (ECG) of the subjects were measured in an indoor space of the school twice for 2 minutes before and after participating the program by activity type (one-on-one/group). One participant who participated in one-on-one activities and the three persons randomly selected from those who participated in group activities were measured simultaneously. The measured results of 7 sessions, excluding the sessions of which results were measured inaccurately, were analyzed ( Figure 1 ).
Before and after measuring the EEG and ECG of the subjects, their blood pressure and pulse were measured using a portable digital blood pressure monitor (HEM-1000, OMRON, Japan) that uses an oscilloscope. Their EEG and ECG were measured using the method suggested by Jang et al. (2017) after adjusting it to the conditions of this experiment.
The monitor used in this study (BIOS-S24, BioBrain Inc., Daejeon, Korea) can monitor EEG and ECG simultaneously, and was placed 30cm behind the subject. Once the subjects entered the room for measuring EEG, they were informed of the overall information of this experiment, and signed the consent form for participation. While electrodes were attached to their body, it was ensured that they feel comfortable with the indoor environment. EEG was measured according to the internationally recognized 10-20 system (Berger, 1929) , and the measured spots were named according to their location on the cerebral hemispheres as follows: F (frontal lobes), T (temporal lobes), P (parietal lobes) and O (occipital lobes). Odd numbers mean the left hemisphere, and even numbers mean the right hemisphere. Gold-coated disc electrodes were attached on 8 channels on the scalp of the frontal lobes (F3, F4), temporal lobes (T3, T4), parietal lobes (P3, P4), and occipital lobes (O1, O2), and they were placed after wiping the scalp to remove dirt and applying conductive gel (Elefix z-401ce, 2016, Nihon Kohden, Japan) in order to minimize contact resistance with the skin.
Reference and ground electrodes were attached behind the ears, and a total of 12 disposable electrodes were attached individually below the left chest and above the right chest ( Figure 1 ). After that, the subjects were instructed to wear earplugs to prevent them from being exposed to the extraneous noise. For the first 3 minutes before measuring, they were allowed to relax (Figure 1 ).
Composition of the plant cultivation program
The plant cultivation program in this study was led by general coordinators (one person majored in agricultural education, and one person majored in horticulture), one professional instructor (main instructor: Grade I Horticultural Therapist certified by the Korea Horticultural Therapy and Wellbeing Association (KHTA), nurse assistance in Jeonbuk, social worker certified by the Ministry of Health, Welfare and Family Affairs), one main assistant (Horticultural Therapist Registered for Wellbeing certified by the KHTA) and four assistant instructors (majored in horticulture, forestry, child counseling and family studies). Each session was differentiated, and the program used in this study was the one that was provided by Jang et al. (2018) (Table 1 ).
In the first session, information on the overall direction of the 10 sessions and materials used in gardening boxes. The Learning about water culture method for potato and sweet potato using hydro culture soil 10 Having a garden party with products and the harvest subjects were provided with education using audiovisual materials on the species and characteristics of leafy vegetables, the species of plants to be planted and planting methods. After that, the subjects designed the composition of plants for gardening boxes, mixed soil and sowed seeds. In the second session, seedlings of lettuce, chili pepper, tomato, lavender, rosemary and Catharanthus roseus were planted, and signs were decorated. In the third session, sowed plants were thinned and transplanted, and the extra sprouts of chili pepper and tomato were removed. Plants that need supporting rods were identified, and rods for chili pepper and tomato were placed. In the fourth session, the subjects had time to learn insects and natural enemies, and made egg yolk oil, an eco-friendly pesticide, and eggshell calcium, a natural nutritional supplement to prevent diseases and insect pests in the gardening boxes. In the fifth session, eco-friendly compost was made using thinned-out leaves from the plants, food waste and earthworms for the next session. In the sixth session, the extra sprouts of fruit vegetables including tomato and chili pepper were removed, and they were tied with rods again.
Leafy vegetables that were cultivated in previous sessions were harvested to make and share Bibimbap with other participants. In the seventh session, plants in gardening boxes were thinned out, and weeds were removed. Vegetables that can be used for color-food artworks were collected. Using the harvested vegetables and those that were additionally purchased, color-food artworks were created, and information on the nutritions of vegetables and fruits by color, ways to eat them and their efficacy were shared with the subjects. In the eighth session, herbs that had been grown in gardening boxes for the past seven sessions were harvested and pressed to make letter paper. In the ninth session, the subjects were informed of ways to aquaculture root vegetables indoor using hydro culture soil, and ways to maintain based on their unique characteristics, and planted them. In the tenth session, the leafy lettuce, herbs, chili pepper and tomato that had been cultivated in the previous sessions were selected and shared with other participants. The subjects discuss the advantages and disadvantages of plant cultivating activities using gardening boxes, and shared their feelings with others (Jang et al., 2018) .
Statistical analysis
Statistical analysis in this study was conducted using IBM SPSS ver. 25.0. The electroencephalography (EEG) and electrocardiogram (ECG) of the subjects were analyzed using a t-test and Whitney U test, and their blood pressure and pulse were analyzed using a t-test. Their sociodemographic characteristics were analyzed using frequency analysis.
Physiological signals were analyzed by obtaining the power spectrum of each frequency band from the measured results of EEG using the FFT (fast fourier transformation) algorithm. In addition, the generated amount of each electrode of EEG was standardized as an average, and, based on this, the average of each electrode was obtained to make a brain map. To show changes in electric energy, band areas of low electric potential on the brain map were colored in blue and band areas with high electric potential were colored in red (Figures 3-5).
Results and Discussion
Sociodemographic characteristics
The average age of the entire subjects (27 female parents) was 39.15±3.5 years. The share of those in their 30s and 40s was 57.7% and 42.3% respectively. The share of those who were full-time housewives was 66.7%, followed by those who work in a professional field (14.8%), others (7.4%), those who were self-employed (7.4%), and those who worked in services industries (3.7%). Those whose average monthly household income was over 4 million won accounted for 66.7%, followed by 3.01-4 million won (22.2%), 2.51-3 million won (7.4%), and 1.01-1.5 million won (3.7%). The share of those who graduated from graduate school, 4-year college, 2-year college and high school was 3.7%, 40.7%, 33.3%
and 22.2% respectively (Table 2) .
Changes in the brain waves of participants after plant cultivating activities
Changes in the physiological conditions of the entire participants such as electroencephalography (EEG) and electrocardiogram (ECG) after participating in plant cultivating activities were measured (Tables 3 and 4 , Figures 1 and   2 ). It was found that the absolute slow alpha wave (ASA) and absolute fast alpha wave (AFA) of the participants increased in the frontal lobes (F3, F4) that control overall cognitive skills and brain functions after participating in the activity. In addition, absolute low beta wave (ALB), an indicator of attention that accompanies arousal was high in the right frontal lobe (F4), and absolute mid beta wave (AMB), an indicator of concentration that accompanies slight tension was high in all the 8 channels measured in this study including the frontal lobes (F3, F4), temporal lobes (T3, T4), parietal lobes (P3, P4) and occipital lobes (O1, O2) after participating in the activity. Participating in the plant cultivating activities was found to be effective in increasing attention and concentration, accompanying slight tension.
The results were statistically significant (p<.05) (Tables 3 and 4 , Figure 2 ), and can be interpreted that the program was effective in not only achieving stability and relaxation and but also improving immersion, attention and concentration.
The results coincide with the findings of Jang et al. (2017) that relative slow alpha wave (RSA) after doing plant-related activities was higher in most of the measured spots than that after doing IT activities (writing a document), which
indicates that plant-related activities hardly accompany stress, but are effective in achieving stability and relaxation.
However, absolute high beta wave (AHB), an indicator of concentration that accompanies tension and slight anxiety, after participating in the activities was statistically significantly high in the right frontal lobe, temporal lobes, parietal lobes and left occipital lobe (p<.05), which can be attributed to the increased activity of the frontal lobes that control advanced cognitive and mental functions and the increased activity of the parietal lobes and occipital lobes that control vision. As a result, activities of cultivating plants are effective in achieving physiological stability and relaxation and improving immersion, attention and concentration in a proper arousal state, and the increased attention and concentration through activities of touching and feeling plants allowed participants to actively acquire information on things and significantly improved their concentration. At the same time, however, these active brain activities accompanied tension (Tables 3 and 4 , Figure 2 ). These results are supported by those of earlier studies including Kaplan (2001) that reported that horticultural activities or plants reduced the stress level of subjects and maintained their tranquility; Ulrich (1984) that found that they are effective in healing psychology and improving resilience; and Jang et al. (2018) that reported that stress was found to be significantly reduced in the results of saliva cortisol analysis after participating in activities of cultivating plants.
Changes in the brain waves of participants by activity type (one-on-one vs group)
Changes in the brain waves of participants by the type of plant cultivating activities (one-on-one vs group) were observed, and there was no statistically significant difference between those who participated in one-on-one activities and those who participated in group activities (Tables 5 and 8 , Figure 3 ). The absolute theta wave (AT), absolute slow alpha wave (ASA), absolute fast alpha wave (AFA), absolute low beta wave (ALB) and absolute mid beta wave (AMB) of the participants who participated in group activities tended to be higher than those of the participants who participated in one-on-one activities, while their absolute high beta wave (AHB) and brain activities including spectral edge frequency (SEF) 50% and SEF 90% tended to be lower than those of the participants who participated in one-on-one activities (Tables 5 and 8 , Figure 3 ). There was no statistical significance between the two types of activities, but the results can be interpreted that the activities tend to reduce the level of tension and stress. In addition, one-on-one activities provided participants with opportunities to feel a sense of closeness with an instructor and focused education, but group activities tended to be more effective in achieving stability and relaxation. Therefore, when tranquility is required in a stable and relaxed state, group activities seem to be more useful than one-on-one activities.
Changes in the brain waves of participants before and after participating in one-on-one activities Changes in the brain waves of participants before and after participating in one-on-one activities of cultivating plants were compared. Absolute theta wave (AT) in the right frontal lobe (F4) after participating in one-on-one activities was lower than that before participating in one-on-one activities, and absolute fast alpha wave (AFA) in the left parietal lobe (P3) after participating in one-on-one activities was higher than that before participating in one-on-one activities, indicating that stability, relaxation and immersion were improved (p<.05). The results were statistically significant (Tables 6 and 8, Figure 4 ). In addition, absolute low beta wave (ALB) was high in the right frontal lobe (F4), and absolute mid beta wave (AMB), an indicator of concentration that accompanies slight tension, was statistically significant high in the frontal lobes (F3, F4), right temporal lobe (T4), and right parietal lobe (P4) (p<.05), indicating that one-on-one activities were effective in improving concentration. Absolute theta wave (AT), absolute fast alpha wave (AFA), absolute low beta wave (ALB) and absolute mid beta wave (AMB) increased after participating in activities of cultivating plants, which can be interpreted that the activities were effective in improving stability, relaxation, attention and concentration. These results are similar to those of earlier studies, including Kim et al. (2002) and Son et al. (1998 Son et al. ( , 1999 , which found visual elements of plants increased the ratio of alpha wave and the activity of brain functions, and thus had a positive impact on phychophysiological conditions. Table 6 . Significance on the differences of brain waves in individual activity participant before/after plant cultivating activity 
Changes in the brain waves of participants before and after participating in group activities
Changes in the brain waves of participants before and after participating in group activities of cultivating plants were compared. Absolute theta wave (AT), an indicator of inner attention and concentration and emotional feelings such as pleasure and displeasure, in the left frontal lobe after participating in group activities was higher than that before participating in group activities. Absolute slow alpha wave (ASA) in the frontal lobes, temporal lobes, parietal lobes (P3, P4) and left occipital lobe (O1) after participating in group activities was higher than that before participating in group activities, indicating that stability and relaxation were achieved without any stress or tension (Tables 7 and 8, Figure 5 ).
Absolute fast alpha wave (AFA) was high in the frontal lobes and left temporal lobe (T3), but low in the right occipital lobe (O2), which shows that immersion from a rational perspective was high, but immersion from a visual perspective was low.
In addition, absolute low beta wave (ALB) was high in the frontal lobes, temporal lobes, and left parietal lobe, while absolute mid beta wave (AMB) was high in all the measured 8 channels, which indicates that group activities increased attention and concentration, accompanying slight tension. These results were statistically significant (p<.05). However, absolute high beta wave (AHB), an indicator of concentration that accompanies tension, was statistically significant high in the right frontal lobe, temporal lobes, parietal lobes and occipital lobes (Tables 7 and 8 interpreted that the activities of cultivating plants were effective in improving physiological conditions including stability and relaxation, and increasing immersion, attention and concentration in a proper arousal state, and that tension is accompanied while concentrating.
Changes in the autonomic nervous system of participants by activity type (one-on-one vs group)
Changes in the heart rate of participants who participated in one-on-one and group activities were compared. The heart rate of those who participated in group activities was statistically significantly lower than that of those who participated in one-on-one activities (p<.05) (Figure 6 ). However, there was no statistically significant difference in the activity of the sympathetic nervous system (Figure 7 ) and parasympathetic nervous system (Figure 8 ) among the activities of the autonomic nervous system, between the two activity types.
Changes in the pulse and blood pressure of participants by activity type (one-on-one vs group)
Changes in the pulse of participants who participated in one-on-one and group activities were compared. The pulse of those who participated in one-on-one activities decreased by 4.1 on average from 72.1 before the activities to 68.0 after the activities, but the decrease was not statistically significant. However, there was a statistically significant difference in the pulse of those who participated in group activities before and after participating in group activities (t=4.274, p<.01) ( Table   9 ). Changes in the blood pressure of participants before and after participating in activities of cultivating plants were compared, but there was no statistically significant difference (Table 10 ). The results can be interpreted that the activities of cultivating activities are effective in achieving relaxation.
Conclusion
In order to examine changes in the physiological conditions of those who participated in plant cultivating activities, the electroencephalography (EEG) and electrocardiogram (ECG) of female parents of an elementary school student in their 30s and 40s were measured before and after participating in the program of plant cultivating activities once a week, a total of 10 sessions. In each session, one person who participated in one-on-one activities and three participants selected out of 26 persons who participated in group activities, a total of 4 participants, were tested. The three selected participants were tested at the same time using three EEG and ECG monitors. The alpha and beta waves of the entire participants after participating in plant cultivating activities were higher than before participating in the activities, which indicates that the activities increase the activity of the brain. Absolute slow alpha wave (ASA), absolute fast alpha wave (AFA), absolute low beta wave (ALB), and absolute mid beta wave (AMB) were increased after participating in plant cultivating activities, and these results can be interpreted that the activities were effective in improving physiologically conditions, including stability and relaxation, as well as immersion, attention and concentration in a proper arousal state. However, absolute high beta wave (AHB) was also increased. The result can be interpreted that activities of touching and feeling plants improved attention and concentration, allowed participants to actively acquire information on things and significantly improved their concentration. At the same time, however, these active brain activities accompanied tension. Changes in the physiological conditions of those who participated in one-on-one and group activities were compared, but there was no statistically significant difference between those who participated in one-on-one activities and those who participated in group activities. In addition, changes in the brain waves of participants by activity type (one-on-one and group) before and after participating in activities were compared. Absolute theta wave (AT) after participating in one-on-one activities was low in the right frontal lobe (F4), and absolute fast alpha wave (AFA) was high in the left parietal lobe (P3), showing high immersion (p<.05). Absolute low beta wave (ALB), an indicator of attention that accompanies arousal, was high in the right frontal lobe, while absolute mid beta wave (AMB), an indicator of concentration that accompanies slight tension, was statistically significantly high in the frontal lobes (F3, F4), right temporal lobe (T4), and right parietal lobe (P4), indicating that participating in one-on-one activities was effective in improving concentration (p<.05). Absolute theta wave (AT) after participating in group activities was high in the left frontal lobe, while absolute slow alpha wave (ASA) was high in most of the measured spots, indicating that participating in group activities was effective in achieving stability and relaxation with almost no stress or tension. Absolute fast alpha wave (AFA) was high in the frontal lobes and left temporal lobe (T3), but low in the right occipital lobe (O2), which indicates that immersion from a rational perspective was high, but immersion from a visual perspective was low. Absolute low beta wave (ALB), absolute mid beta wave (AMB) and absolute high beta wave (AHB) were statistically significantly high in most of the measured spots. In addition, when comparing those who participated in one-on-one activities of cultivating plants with those who participated in group activities of cultivating plants, the heart rate of those who participated in one-on-one activities was statistically significantly lower than that of those who participated in group activities, but the heart rate of all the participants was within the average range. These results can be interpreted that activities of cultivating plants are effective in achieving physiological stability and relaxation and improving immersion, attention and concentration in a proper arousal state.
